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FUEL CELL 



Background of the Invention 

The present invention relates to a fuel cell 
for generating an electric energy with a chemical 
reaction between hydrogen and oxygen. 
5 In a prior art fuel cell as disclosed by JP- 

A-09-22720, a membrane electrode assembly (MEA) and a 
separator are pressed against each other by a fluidal 
pressure of a coolant. 

Brief Summary of the Invention 

10 An object of the present invention is to 

provide a fuel cell for generating an electric energy 
with a chemical reaction between hydrogen and oxygen, 
in which fuel cell an electric contact resistance 
between a membrane electrode assembly and a contact 

15 member contacting the membrane electrode assembly to 

take out an electric energy from the membrane electrode 
assembly is securely kept low. 

According to the present invention, a fuel 
cell for generating an electric energy with a chemical 

20 reaction between hydrogen and oxygen, comprises, a 

membrane electrode assembly for generating an electric 
field through the membrane electrode assembly with the 
chemical reaction between the oxygen and the hydrogen, 
a pair of first and second contact members, the first 
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contact member contacting a first side surface of the 
membrane electrode assembly, and the second contact 
member contacting a second side surface of the membrane 
electrode assembly so that the electric field is 
5 generated by the membrane electrode assembly between 
the first and second contact members, and a pressing 
member for generating a pressing force for urging each 
of the first and second contact members toward 
corresponding one of the first and second side surfaces 

10 in a pressing direction. Since the each of the first 
and second contact members is urged toward the 
corresponding one of the first and second side surfaces 
in the pressing direction, a contact area between the 
each of the first and second contact members the 

15 corresponding one of the first and second side surfaces 
is increased to decrease an electric contact resistance 
therebetween . 

The fuel cell may be a direct methanol fuel 
cell in which a liquid fluid including the hydrogen is 

20 capable of being supplied to the membrane electrode 
assembly through one of the first and second contact 
members, and the oxygen is capable of being supplied to 
the membrane electrode assembly through another one of 
the first and second contact members . 

25 It is preferable for pressing the each of the 

first and second contact members against the 
corresponding one of the first and second side surfaces 
effectively for increasing the contact area between the 



each of the first and second contact members the 
corresponding one of the first and second side 
surfaces, that the first and second contact members 
contact each other through a mutual contact area other 
5 than the first and second side surfaces while the first 
and second contact members are mechanically connected 
to each other through the first and second side 
surfaces, and in a cross sectional view of the fuel 
cell taken along an imaginary plane which imaginary 

10 plane passes the pressing member and the first and 
second side surfaces and extends parallel to the 
pressing direction, the pressing member is arranged 
between the mutual contact area and each of the first 
and second side surfaces in a transverse direction 

15 perpendicular to the pressing direction. 

It is preferable for utilizing the pressing 
force effectively for increasing the contact area 
between the each of the first and second contact 
members the corresponding one of the first and second 

20 side surfaces, that is, concentrating the pressing 

force at the contact area, that the mutual contact area 
is prevented from being arranged at a position between 
the pressing member and the each of the first and 
second side surfaces in the transverse direction so 

25 that the pressing force is prevented from passing the 
position to bypass the first and second side surfaces. 

The pressing member may be a screw for 
pressing the each of the first and second contact 
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members against the corresponding one of the first and 
second side surfaces in accordance with a rotational 
movement of the screw. 

An elastic member through which the first and 
5 second contact members are mechanically connected to 
each other may be arranged at a position between the 
pressing member and the each of the first and second 
side surfaces in the transverse direction as seen in a 
direction perpendicular to the pressing direction and 

10 the transverse direction, if a rigidity of the elastic 
member in the pressing direction against the pressing 
force is significantly smaller than a rigidity of the 
membrane electrode assembly in the pressing direction 
against the pressing force so that the pressing force 

15 is substantially prevented from passing the position to 
bypass the first and second side surfaces. It is 
acceptable for effectively increasing the contact area 
between the each of the first and second contact 
members the corresponding one of the first and second 

20 side surfaces that a part less than 10 % of the 

pressing force passes the elastic member to bypass the 
first and second side surfaces. 

The first and second contact members are 
electrically isolated from each other, and includes 

25 respective first and second electrodes to be electri- 
cally connected to the first and second side surfaces 
respectively in such a manner that an electric circuit 
is formed through the first and second electrodes and 




the first and second side surfaces. The hydrogen is 
capable of being supplied to the membrane electrode 
assembly through one of the first and second contact 
members^ and the oxygen is capable of being supplied to 
5 the membrane electrode assembly through another one of 
the first and second contact members. The membrane 
electrode assembly includes an anode for ionizing the 
hydrogen therein, a cathode for reducing the oxygen 
therein^ and an electrolyte layer between the anode and 

10 cathode, and one of the first and second side surfaces 
is formed on one of the anode and cathode, and another 
one of the first and second side surfaces is formed on 
another one of the anode and cathode. It is preferable 
for positioning correctly the membrane electrode 

15 assembly that at least one of the first and second 

contact members has a recess for receiving therein the 
membrane electrode assembly. The mutual contact area 
may be formed on a protrusion of at least one of the 
first and second contact members. At least one of the 

20 first and second contact members may include a thin 
band arranged between the first and second contact 
members to form the mutual contact area on the thin 
band. 

It is preferable for utilizing the pressing 
25 force effectively for increasing the contact area 
between the each of the first and second contact 
members the corresponding one of the first and second 
side surfaces, that is, concentrating the pressing 




force at the contact area, that the pressing member has 
a head surface area extending in the transverse direc- 
tion and contacting one of the first and second contact 
members to urge the one of the first and second contact 
5 member toward the corresponding one of the first and 
second side surfaces in the pressing direction, and a 
shaft portion extending in the one of the first and 
second contact member, and the head surface area is 
larger than a cross sectional area of the shaft portion 

10 as seen in the pressing direction while the first and 
second contact member are prevented from contacting 
each other within the head surface area as seen in the 
pressing direction . 

It is preferable for preventing the pressing 

15 force from being concentrated at outer peripheral edges 
of the first and/or side surface of the membrane 
electrode assembly and distributing the pressing force 
over a center of the first and/or side surface of the 
membrane electrode assembly that the pressing force 

20 bends at least one of the first and second contact 
members in such a manner that at a contact point 
between the membrane electrode assembly and the at 
least one of the first and second contact members, a 
tensile stress is generated on a front surface of the 

25 at least one of the first and second contact members 
facing to the membrane electrode assembly and a 
compressive stress is generated on a reverse surface of 
the at least one of the first and second contact 




members opposite in the pressing direction to the front 
surface so that the front surface of the at least one 
of the first and second contact members is convexly 
curved before and/or after contacting and/or being 
5 pressed against corresponding one of the first and 
second side surfaces of the membrane electrode 
assembly, and/or that one of the first and second 
contact members has a convexly curved surface curved 
before and/or after contacting and/or being pressed 

10 against corresponding one of the first and second side 
surfaces of the membrane electrode assembly so that the 
convexly curved surface is restrained from contacting 
the corresponding one of the first and second side 
surfaces of the membrane electrode assembly at 

15 peripheral ends of the corresponding one of the first 
and second side surfaces of the membrane electrode 
assembly arranged in a direction perpendicular to the 
pressing direction and/or is encouraged to contact the 
corresponding one of the first and second side surfaces 

20 of the membrane electrode assembly at an intermediate 
(preferably central) portion of the corresponding one 
of the first and second side surfaces of the membrane 
electrode assembly between the peripheral ends thereof 
arranged in the direction perpendicular to the pressing 

25 direction. 

Other objects,, features and advantages of the 
invention will become apparent from the following 
description of the embodiments of the invention taken 
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in conjunction with the accompanying drawings. 

Brief Description of the Several Views of the Drawings 

Fig. 1 is a cross sectional view showing a 
first embodiment of fuel cell of the invention. 
5 Fig. 2 is a cross sectional view showing a 

fourth embodiment of fuel cell of the invention. 

Fig. 3 is a cross sectional view showing a 
condition of the first embodiment before pressing a 
contact member against a membrane electrode assembly. 
10 Fig. 4 is an upper view of another contact 

member of the first embodiment to be pressed against 
the membrane electrode assembly. 

Fig. 5 is a cross sectional view showing a 
second embodiment of fuel cell of the invention. 
15 Fig. 6 is a cross sectional view showing a 

third embodiment of fuel cell of the invention. 

Fig. 7 is an upper view of a contact member 
of the third embodiment to be pressed against the 
membrane electrode assembly. 
20 Fig. 8 is a cross sectional view showing a 

fifth embodiment of fuel cell of the invention. 

Detailed Description of the Invention 
(Embodiment 1) 

In a direct methanol fuel cell (DMFC) as 
25 shown in Figs. Ir 3 and 4 as the first embodiment, a 

fuel is methanol including hydrogen. A cathode 2 has a 
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diffusion layer (not shown) and a catalyst layer (not 
shown) including carrier carbon powder and platinum 
fine grains carried by the carrier carbon powder. An 
anode 3 has a diffusion layer (not shown) and a 
5 catalyst layer (not shown) including the carrier carbon 
powder and plat inum-fine-grains-and-ruthenium- fine- 
grains or platinum- ruthenium-alloy-grains carried by 
the carrier carbon powder. The diffusion layer of the 
cathode 2 through which water produced in the cathode 2 

10 can be transferred and the diffusion layer of the anode 
3 through which the fuel can be diffused are made of, 
for example, a carbon paper. An electrolyte layer 1 is 
arranged between the cathode 2 and the anode 3 to be 
stacked so that a membrane electrode assembly (MEA) 4 

15 is formed - 

Since the MEA 4 includes soft elements such 
as the electrolyte layer 1, catalyst layer and 
diffusion layer, a contact area between the MEA 4 and 
each of a cathode side contact member 5 and an anode 

20 side contact member 6 as the claimed pair of first and 
second contact members is increased when the MEA 4 is 
compressed between the cathode side contact member 5 
and anode side contact member 6. If the compression of 
the MEA 4 between the cathode side contact member 5 and 

25 anode side contact member 6 is insufficient, the 

contact area is not increased sufficiently and whereby 
an electric contact resistance between the MEA 4 and 
each of the cathode side contact member 5 and anode 
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side contact member 6 is not decreased suf f iciently . 
If the compression of the MEA 4 between the cathode 
side contact member 5 and anode side contact member 6 
is excessive, the hydrogen, the oxygen and the water or 
5 water vapor are restrained from moving in the catalyst 
layer so that the oxygen and hydrogen are restrained 
from reaching the electrolyte layer 1 and the water or 
water vapor produced with generating the electric power 
is restrained from being discharged from the MEA 4. 

10 Since the MEA 4 is received in a recess 14 formed on at 
least one of the cathode side contact member 5 and 
anode side contact member 6, the MEA is positioned 
correctly, and a depth of the recess 14 is determined 
in such a manner that the compression of the MEA 4 is 

15 set appropriately for decreasing the electric contact 
resistance between the MEA 4 and each of the cathode 
side contact member 5 and anode side contact member 6 
sufficiently and for keeping the movement of the 
hydrogen, the oxygen and the water or water vapor in 

20 the catalyst layer sufficiently. Clamping portions 8 
are arranged on respective step areas at ends of the 
recess 14. 

A gasket 20 made of, for example, elastomer 
is arranged around the MEA 4 in the recess 14 to 
25 prevent the fuel from leaking from the recess 14, and a 
rigidity of the gasket 20 in a pressing direction as 
shown by an arrow in Fig. 3 against the compression is 
significantly smaller than a rigidity of the MEA 4 in 
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the pressing direction against the compression so that 
a considerable part of the pressing force 12 is 
prevented from passing the gasket 20 to bypass the MEA 
4. 

5 The cathode side contact member 5 has a 

cathode electrode 5a of copper to be contacted with the 
cathode 2 so that the cathode side contact member 5 is 
electrically connected to the cathode 2 through the 
cathode electrode 5a, and slits (not shown) to supply 

10 the air to the cathode 2 through the slits when 

generating the electric energy with the chemical reac- 
tion between the hydrogen in the fuel and the oxygen in 
the air. A main body of the cathode side contact 
member 5 on which the cathode electrode 5a is mounted 

15 is formed by an alumite plate, and a surface of the 

cathode electrode 5a facing to the cathode 2 is plated 
with gold to be prevented from being deteriorated by 
the methanol as the fuel. The main body of the cathode 
side contact member 5 may be formed by a stainless 

20 steel plate or hard vinyl chloride plate prevented from 
being deteriorated by the methanol as the fuel. If the 
stainless steel plate is used, the cathode side contact 
member 5 and anode side contact member 6 are 
electrically isolated by an electrically insulating 

25 member therebetween. 

The anode side contact member 6 has an anode 
electrode 6a to be contacted with the anode 3 so that 
the anode side contact member 6 is electrically 
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connected to the anode 3 through the anode electrode 
6a, and a fuel supply body to supply the fuel to the 
anode 3 through the fuel supply body when generating 
the electric energy with the chemical reaction between 
5 the hydrogen in the fuel and the oxygen in the air. 

The cathode side contact member 5 is deformed 
by clamping members 15 whose head portions urge the 
cathode side contact member 5 toward the anode side 
contact member 6 to compress the MEA 4 between the 

10 cathode side contact member 5 and anode side contact 
member 6 and whose partially threaded shaft portions 
extend through the clamping portions 8 and are screwed 
into the anode side contact member 6 to displace the 
clamping members 15 in accordance with rotations 

15 thereof, and a radially outer side of the cathode side 
contact member 5 curved by a bending moment 10 
generated by a pressing force 12 of the clamping 
members 15 contacts the cathode 2. In this embodiment, 
the clamping members 15 are screws, but may be rivets, 

20 pairs of bolts and nuts or the like. 

The clamping portions 8 and clamping members 
15 are arranged between the MEA 4 and support portions 
7 as the claimed mutual contact area formed on at least 
one of the cathode side contact member 5 and anode side 

25 contact member 6 so that the cathode side contact 

member 5 and anode side contact member 6 are mechani- 
cally connected to each other through the support 
portions 7, and as seen in the pressing direction, the 




cathode side contact member 5 and anode side contact 
member 6 are prevented from contacting each other to 
form a clearance 16 between the clamping portions 8 or 
clamping members 15 and the MEA 4 and within the head 
5 portions of the clamping members 15 so that as seen in 
Fig. 3, a movement, deformation or curving of the 
cathode side contact member 5 with respect to the 
cathode 2 is not restrained by the support portions 7 
which are prevented from extending or existing between 

10 the clamping portions 8 or clamping members 15 and the 
MEA 4 and within the head portions of the clamping 
members 15 as seen in the pressing direction. 

It is preferable for increasing the pressing 
force from the cathode side contact member 5 to the MEA 

15 4 that a longitudinal direction of the slits (not 

shown) for supplying the air to the cathode 2 there- 
through is prevented at least partially from being 
parallel to a longitudinal direction of the support 
portions 7 and/or a clamping member array axis along 

20 which the clamping members 15 are aligned, and/or that 
a depth of the slits in the pressing direction is as 
small as possible- It is preferable for increasing the 
contact area between the cathode 2 and cathode side 
contact member 5 that a difference between a difference 

25 in position in the pressing direction between an area 
of the cathode side contact member 5 to be contacted 
with the support portions 7 and another area of the 
cathode side contact member 5 to be contacted with the 
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cathode 2 before being pressed by the clamping members 
15 and a difference in position in the pressing 
direction between the area of the cathode side contact 
member 5 to be contacted with the support portions 7 
5 and the another area of the cathode side contact member 
5 to be contacted with the cathode 2 after being 
pressed by the clamping members 15 is as small as 
possible, and/or that a distance between the clamping 
members 15 and the MEA 4 is as small as possible- If 

10 the cathode side contact member 5 is deformed or bent 

toward the cathode 2 by the clamping members 15 to have 
a convex shape to be contacted with the cathode 2 by, 
for example, a contact point between the cathode side 
contact member 5 and the cathode 2 closer to the anode 

15 side contact member 6 than a contact point between the 
cathode side contact member 5 and the support portions 
If a pressing force 12 between the clamping members 15 
and the cathode 2 is restrained from being applied to 
peripheral ends of the cathode 2 and is encouraged to 

20 be applied to a central portion of the cathode 2 so 

that the pressing force 12 is utilized effectively for 
increasing a contact area between the cathode 2 and the 
cathode side contact member 5. 

A bending rigidity of the cathode side 

25 contact member 5 against the pressing force may be made 
larger than that of the anode side contact member 6. A 
plurality of the MEAs 4 may be compressed between the 
cathode side contact member 5 and anode side contact 
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member 6 as shown in Fig. 7. 

(Embodiment 2) 

As shown in Fig. 5, the support portions 7 
may be formed on the cathode side contact member 5. 

(Embodiment 3) 

As shown in Fig. 6, at least one of the 
cathode side contact member 5 and anode side contact 
member 6 may include a band plate 11 to form the 
support portions 7 thereon- As shown in Fig. 1, the 
band plate 11 may be divided to band plate elements 11 
distant from each other. 

(Embodiment 4) 

As shown in Fig. 2, the support portions 7 
may exist between the clamping members 15 and the MEA 
4, and the cathode side contact member 5 may be bent by 
the clamping members 15 to form a concave surface to be 
pressed against the cathode 2. 

The cathode side contact member 5 may have 
various shape to be pressed against the cathode 2 when 
being clamped by the clamping members 15. 

(Embodiment 5) 

As shown in Fig. 8^ a fuel tank 18 containing 
therein a fuel 17 may be attached to the anode side 
contact member 6 while slits (not shown) are formed in 
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the fuel tank 18 and anode side contact member 6 to 
supply the fuel 17 through the slits to the anode 3, 
and the fuel tank 18 may be arranged a pair of the fuel 
cell units. The clamping members 15 may extend from 
5 one of the cathode side contact members 5 to another 
one of the cathode side contact members 5 or the fuel 
tank 18 to generate the compressing between the cathode 
side contact member 5 and anode side contact member 6. 

It should be further understood by those 

10 skilled in the art that although the foregoing 
description has been made on embodiments of the 
invention, the invention is not limited thereto and 
various changes and modifications may be made without 
departing from the spirit of the invention and the 

15 scope of the appended claims. 



